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Aim. To examine neutrophil F-actin, phagocytosis and macropinocytosis dymanics in patients with Familial
Mediterranean Fever (FMF), in an effort to understand the mechanisms that regulate switch of neutrophil ac-
tivation program. Methods. Whole blood neutrophils obtained from 37 attack-free FMF patients and 20 nor-
mal donors (ND) were activated with N-formyl-Met-Leu-Phe (fMLP), phorbolmyristate acetate (PMA) or lipo-
polysaccharide (LPS) and cellular F-actin content, phagocytosis and macropinocytosis determined by flow
cytometry. F-actin oscillation amplitude and period were calculated from the curves generated by mathematical
simulation giving the assumption that in neutrophil F-actin oscillates about a fixed point in a harmonic motion.
Results. Unstimulated neutrophil F-actin content was markedly increased in FMF patients. fMLP- but not PMA- 
or LPS-stimulated and Col-pretreated neutrophils where characterized by different pattern of F-actin dynamics
and delayed time period of F-actin oscillation during FMF. Neutrophils from FMF patients failed to induce
chemoattractant receptor desensitization during repeated action of fMLP, while in ND it occurred with signifi-
cant reduction of F-actin oscillation amplitude and period. In FMF patients we observed significant enhan-
cement of phagocytosis but not macropinocytosis amplitude and frequency. Conclusions. Impaired neutrophil
F-actin, phagocytosis and macropinocytosis oscillations amplitude and frequency that tightly regulate switch of
neutrophil activation program during its encounter with increasing concentration of chemoattractants may be a
potential pathogenic mechanism causing aberrant resolution of inflammation during FMF. 
Keywords: familial Mediterranean fever, neutrophil, F-actin, phagocytosis, macropinocytosis, N-formyl-Met-
Leu-Phe, phorbolmyristate acetate.
Introduction. The discovery of mutations in the MEFV
(for MEditerranean FeVer) locus has changed considerab-
ly the  understanding of  the  most common auto-inflam-
matory disease Familial Mediterranean Fever (FMF).
This gene encodes a protein called pyrin, expressed pri-
marily on the innate immune system cells, including
neutrophils, and cytokine-activated monocytes [1]. While 
it is known that pyrin interacts with five cellular proteins:
PSTPIP1 [2], 14-3-3 [3], Caspase-1 [4], ASC [5], and
Siva [6], the exact function of pyrin in cell and the me-
chanism underlying the pathological effect of pyrin muta- 
tions are yet to be revealed.  In transfected cells pyrin was
observed to co-localize with actin in lamellar structures
and in supranuclear ruffles, but not with stress fibers [7].
Since, actin plays a central role in biological motility as an 
essential constituent of cytoskeleton and a partner of in-
tracellular signaling pathways associated with chemoat-
tractant-receptor activation, here we investigated neutro-
phil F-actin, phagocytosis and macropinocytosis dyna-
mics during neutrophil chemoattractant-dependent acti-
vation in FMF patients carrying homozygous or compo-
und heterozygous mutations in the MEFV locus.
Materials and methods. Peripheral blood samples
were obtained from 37 attack-free FMF patients, diag-
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nosed according to the Tel-Hasomer criteria [8] and 20
sex- and age-matched normal donors (ND). MEFV
mutations in exon 10 were identified in all patients (18
patients were homozygous for the M694V mutation, 19
remaining patients were compound heterozygous for
the  M694V and one of the  V726A,  M680I,  E148Q,
R761H and F479L mutations). The quantitative flow
cytometry determination of intracellular F-actin con-
tent was performed [9]. Whole blood samples were in-
cubated with 20 ng/ml phorbol-12-myristate-13-aceta-
te (PMA) or 10
–7 M N-formyl-Met-Leu-Phe (fMLP) or
1 µg/ml lipopolysaccharide (LPS) from Escherichia co-
li  026:B6 or 0.1–10 µg/ml colchicine (Col) for 1–
10 min. Phagocytosis assay was performed using latex
beads and dextran-FITC. Oscillation time-response cur-
ves  were  generated from calculated mean values – SD
data for F-actin content using the equation (1):
                          Y = B + A ￿ sin(F ￿ t + P),                              (1)
where Y represents a relative F-actin content, expressed 
as a mean channel number – MCN; B is a base line; A is
an amplitude; F is a frequency and P is a phase shift of
oscillation and t is time in min. A and F values were
calculated using Graph Pad Prism v4.01 software and
periods of oscillations (T) were calculated by equation
(2) giving assumption that F-actin oscillates about a
fixed point in a harmonic motion [10]:
                           T =  2p/F.                                 (2)
Results and discussion. Unstimulated neutrophils
F-actin content in FMF patients was significantly hi-
gher (PW < 0.01) than in ND (Fig. 1, A). Pretreatment of
whole blood with 10 µg/ml Col for 2 h increased neu-
trophil F-actin content in both FMF (PW < 0.007) and
ND (Pt < 0.0001). However, Col-pretreated neutro-
phils F-actin content in FMF patients was found to be
significantly lower (PW – 0.02) than in ND (Fig. 1, A).
The existence of several shifted maximums in F-actin
dynamics of ND and FMF patient’s activated neutro-
phils led us to test if this is due to different pattern of ac- 
tin cytoskeleton polymerization and depolymerization
regular cycles. fMLP-induced neutrophil F-actin oscil-
lation showed differences in baseline, but not in ampli-
tude and frequency of F-sactin oscillations (Fig. 1, B,
C). The period of fMLP-induced neutrophil F-actin
oscillation, for FMF patients was 4.08 – 0.46 min and
Fig.1. A –neutrophilF-actincontentisincreasesinpatientswithFMF.Untreated
andCol(10µg/mlfor2h)pretreatedwholebloodsamplesfromNDandFMFpati-
entswereintracellularystainedforF-actinandFSC-SSCandCD11b+gatedneutro-
philswereassayedbyflowcytometryandexpressedasameanchannelnumber
(MCN).Alldatarepresentmeans±SD(errorbars)andaresignificantlydifferentat
PW=0.05(*),comparingFMFwithND;B,C –differentpatternoffMLP-activated
neutrophilF-actindynamicsinFMFandND.UntreatedandColpretreatedwhole
bloodsamplesfromNDandFMFwereincubatedinthepresenceoffMLPfor1–10
minasindicatedandF-actincontentofFSC-SSCandCD11b+gatedneutrophils
wereassayedbyflowcytometryandexpressedasMCN.Oscillationcurves(upper
boxedgraphs)weregeneratedfromcalculatedmeanvalues±SDdataforF-actin
contentusingtheequation(1)andGraphPadPrismv4.01softwareandperiodsof
oscillationswerecalculatedbyequation(2)givingassumptionthatF-actinoscillates
aboutafixedpointinaharmonicmotion.Alldatarepresentmeans±SD(errorbars)
andaresignificantlydifferentatP torP p£0.05(*),£ 0.005(**),and£ 0.0005(***),
comparingwithtime0
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4.09 – 0.18 min for ND. As we expected, the period of
F-actin oscillation in Col-pretreated neutrophil, activa-
ted by fMLP increased to 1.31 min in FMF patients
(5.39 – 0.13) and to 1.1 min in ND (5.19 – 0.21). Thus,
fMLP-stimulated and Col-pretreated neutrophils were
characterized by different pattern of F-actin dynamics
and delayed shift of maximums during FMF. 
We found that fMLP-, LPS- or PMA-stimulated
neutrophil F-actin dynamics in FMF patients is charac-
terized by oscillations with different amplitude and pe-
riods, whereas in ND’s activated neutrophil F-actin dy- 
namics has an undulating shape in the presence of fMLP
only. Next, we analyzed how delayed F-actin oscilla-
tion period in FMF could contribute to altered F-actin
dynamics during repeated fMLP action. We incubated
ND’s and FMF patient’s whole blood neutrophils with
fMLP for 10 min, then added equal amount of fMLP
for 1–10 min and assayed the cellular F-actin content.
We observed that repeated action of fMLP in ND (Fig.
2, A) induced significant reduction in both overall F-
actin content and cellular F-actin oscillation amplitude
(1751 – 166 in single dose fMLP treated cells versus
725 – 120 MCN in double fMLP treated cells, P t =
= 0.03). In contrast to ND, FMF patients’ neutrophils
failed to induce reduced F-actin dynamics during re-
peated action of fMLP (Fig. 2, B). Indeed, neither F-
actin oscillation amplitude (1298 – 104 in single dose
fMLP treated cells versus 1442 – 93 MCN in double
fMLP treated cells) nor oscillation period (4.64 – 0.11
versus 4.66 – 0.09 min, respectively) were changed in
FMF patient’s neutrophils in the presence of single or
double doses of fMLP. 
The period of unstimulated neutrophil phagocy-
tosis oscillation for FMF patients was 3.65 – 0.03 min
and 6.06 – 0.12 min for ND (Pt = 0.02) with enhanced
amplitude (274.9 – 37 MCN versus 68.7 – 19 MCN in
ND, Pt = 0.04) and frequency of phagocytic uptake of
latex beads. However, fMLP-stimulated neutrophil pha-
gocytosis dynamics revealed oscillation behavior in
FMF patients with  two-fold increase in  the period of la-
tex beads phagocytic uptake (6.03 – 0.05 min) and line- 
ar time-dependence in ND’s. Unstimulated neutrophil
macropinocytosis dynamics revealed oscillation beha-
vior in ND’s with the period of FITC-dextran uptake
7.21 – 0.16 min, whereas the linear time-dependence
was observed for FMF patients. The period of fMLP-
stimulated neutrophil macropinocytosis oscillation for
FMF patients was found to be 4.78  –  0.03 min and
6.4 – 0.01 min for ND (Pt = 0.04). Thus, the period of
fMLP-stimulated neutrophil macropinocytosis oscilla-
tion in FMF patients was found to be much  closer  to
the period of fMLP-stimulated F-actin oscillation
(4.73 – 0.13 min for F-actin and 4.78 – 0.03 min for
FITC-dextran uptake) compared with two-fold increa-
se in  the period of FITC-dextran uptake in ND (3.58 –
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Fig. 2. Neutrophil F-actin dynamics in the presence of double doses of
chemoattractant. Neutrophils from ND (A) and FMF (B) in 100 µl of
whole blood were incubated for 10 min with (+) or without (–) fMLP and 
then equal concentration of these chemoattractant added to blood
samples and incubated for additional 1–10 min. The reaction is stopped
at the appropriate time and the intracellular F-actin content is measured
as described in Materials and methods. Oscillation curves (upper boxed
graphs) were generated using the equations (1) and (2). All data repre-
sent means – SD (error bars) and are significantly different at Pt or Pp £
0.05 (*), comparing with single and double fMLP-treated neutrophils– 0.17 min for F-actin and 6.49 – 0.01 min for FITC-
dextran uptake).
There are a number of unexpected findings descri-
bed in this study. The first unexpected finding is the
increasing of overall F-actin content in unstimulated
neutrophils in FMF patients. Second, we found that
repeated action of fMLP in ND induced significant re-
duction of both overall F-actin content and cellular F-
actin oscillation amplitude, which paralleled with doub-
le increasing of neutrophil F-actin oscillation period. 
The resolution of inflammation can now be regarded as
an integral component of the neutrophil activation nega-
tive regulation programs [11]. The best known examp-
le is the phenomenon, known as neutrophil chemoat-
tractant receptors desensitization. When neutrophils en-
counter increasing concentration of chemoattractant,
they gradually become nonresponsive to further stimu-
lation by the same agent. In contrast to ND, FMF pa-
tients’ neutrophils failed to induce reduced F-actin dy-
namics during repeated action of fMLP, suggesting
that neutrophils from FMF patients fail to induce che-
moattractant receptor desensitization. In conclusion we 
suggested that mutant MEFV-encoded pyrin may con-
tribute to the decreasing of plasticity of cellular cyto-
skeleton and neutrophils failed to induce reduced F-ac-
tin or phagocytosis dynamics during repeated action of
different chemoattractant or particles.
Т. К. Дав  тян, С. А.  Аветисян, Г. С. Акопян
Му  тації в гені MEFV спри  чи  ня  ють по  ру  шен  ня у вмісті F-ак  ти  ну
не  й  трофілів та ди  наміці фа  го  ци  то  зу  
Ре  зю  ме
Мета. Вив  чен  ня ди  наміки внутрішньоклітин  но  го вмісту F-ак  ти -
ну, фа  го  ци  то  зу і мак  ропіно  ци  то  зу не  й  трофілів у хво  рих на сімей-
ну се  ред  зем  но  мо  рську ли  хо  ман  ку (ССЛ) для виз  на  чен  ня мо  ле  ку -
ляр  но-клітин  них ме  ха  низмів періодич  ної ак  ти  вації. Ме  то  ди. Ней -
трофіли цільної крові 37 хво  рих на ССЛ поза на  па  дом і 20 нор-
мальних до  норів (НД) ак  ти  ву  ва  ли хе  мо  ат  рак  тан  тним пеп  ти  дом
N-форміл-Мет-Лей-Фен (fMLP), фор  болмірис  та  та  це  та  том (PMA) 
або ліполіса  ха  ри  дом (LPS). Вміст клітин  но  го F-ак  ти  ну, фа  го  ци -
тоз і мак  ропіно  ци  тоз виз  на  ча  ли ме  то  дом про  точ  ної ци  тоф  лу  о -
ри  метрії. Амплітуду і період осци  ляції F-ак  ти  ну ви  ра  хо  ву  ва  ли з
кри  вих, от  ри  ма  них ме  то  дом ма  те  ма  тич  ної об  роб  ки да  них, із до  -
пу  щен  ням, що F-ак  тин осци  лює гар  монійни  ми ко  ли  ван  ня  ми нав-
коло фіксо  ва  ної точ  ки. Ре  зуль  та  ти. Вміст F-ак  ти  ну у не  сти  му-
льо  ва  них не  й  трофілах ви  я  вив  ся дос  товірно ви  щим у хво  рих на
ССЛ. fMLP-, але не PMA- або LPS-сти  муль  о  вані і по  пе  ред  ньо об  -
роб  лені колхіци  ном не  й  трофіли ха  рак  те  ри  зу  ва  ли  ся різни  ми ди -
намічни  ми змінами у вмісті F-ак  ти  ну з по  до  вже  ним періодом йо- 
го осци  ляції при ССЛ. За по  втор  ної дії fMLP не  й  трофіли хво  рих
на ССЛ не інду  ку  ва  ли де  сен  сибілізацію хе  моат  рак  тан  тних ре  -
цеп  торів,  однак  у  НД  де  сен  сибілізація  роз  ви  ва  ла  ся  із  знач  ним
зменшен  ням амплітуди і періоду осци  ляції клітин  но  го F-ак  ти  ну.
У хво  рих на ССЛ ви  яв  ле  но істот  не зрос  тан  ня амплітуди і періо-
ду осци  ляції фа  го  ци  тар  ної ак  тив  ності, але не мак  ропіно  ци  то  зу
нейтрофілів. Вис  нов  ки. По  ру  шен  ня ди  намічних змін фа  го  ци  то  зу, 
мак  ропіно  ци  то  зу і ци  тос  ке  ле  та, які ре  гу  лю  ють про  гра  ми ак  ти  -
вації і дез  ак  ти  вації не  й  трофілів за умов без  пе  рер  вної дії хе  мо  ат  -
рак  тантів, може бути по  тенційним па  то  ге  не  тич  ним ме  ханіз-
мом абе  ран  тної ре  зо  люції за  па  лен  ня при ССЛ. 
Клю  чові сло  ва: сімей  на се  ред  зем  но  мо  рська ли  хо  ман  ка, не  й  -
трофіл, F-ак  тин, фа  го  ци  тоз, мак  ропіно  ци  тоз, N-форміл-Мет-
Лей-Фен,  фор  болмірис  та  та  це  тат.
Т. К. Дав  тян, С. А.  Аветисян, Г. С. Акопян
Му  та  ции в гене MEFV при  во  дят к на  ру  ше  нию со  дер  жа  ния 
F-ак  ти  на не  й  тро  фи  лов и ди  на  ми  ки фа  го  ци  то  за  
Ре  зю  ме
Цель. Изу  че  ние ди  на  ми  ки внут  рик  ле  точ  но  го со  дер  жа  ния F-ак  -
ти  на, фа  го  ци  то  за и мак  ро  пи  но  ци  то  за не  й  тро  фи  лов у боль  ных
се  мей  ной сре  ди  зем  но  мор  ской ли  хо  рад  кой (ССЛ) для вы  яс  не  ния
мо  ле  ку  ляр  но-кле  точ  ных  ме  ха  низ  мов  пе  ри  о  ди  чес  кой  ак  ти  ва  ции.
Ме  то  ды. Ней  тро  фи  лы цель  ной кро  ви 37 боль  ных ССЛ вне при  -
сту  па  и 20 нор  маль  ных до  но  ров (НД) ак  ти  ви  ро  ва  ли хе  мо  ат  трак  -
тан  тным  пеп  ти  дом N-фор  мил-Мет-Лей-Фен (fMLP),  фор  бол-
ми  рис  та  та  це  та  том (PMA) или ли  по  ли  са  ха  ри  дом (LPS). Со  дер  -
жа  ние кле  точ  но  го F-ак  ти  на, фа  го  ци  тоз и мак  ро  пи  но  ци  тоз оп-
ре  де  ля  ли ме  то  дом про  точ  ной ци  тоф  лу  о  ри  мет  рии. Амплитуду и
пе  ри  од осцил  ля  ции F-ак  ти  на вы  чис  ля  ли из кри  вых, по  лу  чен  ных
ме  то  дом  ма  те  ма  ти  чес  кой  об  ра  бот  ки  дан  ных,  с  до  пу  ще  ни  ем,
что F-ак  тин  осцил  ли  ру  ет  гар  мо  нич  ны  ми  ко  ле  ба  ни  я  ми  вок  руг
фик  си  ро  ван  ной точ  ки. Ре  зуль  та  ты. Со  дер  жа  ние F-ак  ти  на в не  -
сти  му  ли  ро  ван  ных  не  й  тро  фи  лах  ока  за  лось  дос  то  вер  но  выше  у
боль  ных ССЛ. fMLP-, но не PMA- или LPS-сти  му  ли  ро  ван  ные и
пред  ва  ри  тель  но об  ра  бо  тан  ные кол  хи  ци  ном не  й  тро  фи  лы ха  рак  -
те  ри  зо  ва  лись раз  ны  ми ди  на  ми  чес  ки  ми из  ме  не  ни  я  ми в со  дер  жа  -
нии F-ак  ти  на с удли  нен  ным пе  ри  о  дом его осцил  ля  ции при ССЛ.
При по  втор  ном воз  де  йствии fMLP не  й  тро  фи  лы боль  ных ССЛ не
ин  ду  ци  ро  ва  ли де  сен  си  би  ли  за  цию хе  моат  трак  тан  тных ре  цеп  то  -
ров, одна  ко у НД де  сен  си  би  ли  за  ция раз  ви  ва  лась со зна  чи  тель  ным
умень  ше  ни  ем ам  пли  ту  ды и пе  ри  о  да осцил  ля  ции кле  точ  но  го F-ак  -
ти  на. У боль  ных ССЛ вы  яв  ле  но су  щес  твен  ное уве  ли  че  ние  ам  пли  -
ту  ды и пе  ри  о  да осцил  ля  ции фа  го  ци  тар  ной ак  тив  нос  ти, но не
мак  ро  пи  но  ци  то  за не  й  тро  фи  лов. Вы  во  ды. На  ру  ше  ние ди  на  ми  чес  -
ких из  ме  не  ний фа  го  ци  то  за, мак  ро  пи  но  ци  то  за и ци  тос  ке  ле  та, ре  -
гу  ли  ру  ю  щих про  грам  мы ак  ти  ва  ции и дез  ак  ти  ва  ции не  й  тро  фи  лов
в усло  ви  ях не  пре  рыв  но  го воз  де  йствия хе  мо  ат  трак  тан  тов, мо  -
жет быть по  тен  ци  аль  ным па  то  ге  не  ти  чес  ким ме  ха  низ  мом абер  -
ран  тной ре  зо  лю  ции вос  па  ле  ния при ССЛ. 
Клю  че  вые сло  ва: се  мей  ная сре  ди  зим  но  мор  ская ли  хо  рад  ка, ней-
тро  фил, F-ак  тин, фа  го  ци  тоз, мак  ро  пи  но  ци  тоз, N-фор  мил-Мет-
Лей-Фен,  фор  бол  ми  рис  та  та  це  тат. 
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